The unique region of the capsid protein VP1 (VP1u) of B19 virus (B19V) elicits a dominant immune response and has a phospholipase A 2 (PLA 2 ) activity required for the infection. Despite these properties, we have observed that the VP1u-PLA 2 occupies an internal position in the capsid. However, brief exposure to increasing temperatures induced a progressive accessibility of the PLA 2 motif as well as a proportional increase of the PLA 2 activity. 
Introduction
Human parvovirus B19 (B19 virus; B19V) was discovered in 1975 (7) and it has been classified within the Erythrovirus genus of the Parvoviridae family.
B19V is generally associated with a mild and frequent childhood disease named erythema infectiosum or fifth disease (1) . However, in certain situations or in individuals with altered immunologic or hematologic conditions, B19V can cause other more severe syndromes such as acute and chronic arthropathies (28), hemolytic disorders (32), hydrops fetalis and fetal death (5, 10 ).
The single-stranded DNA genome of B19V is packaged into a small nonenveloped, icosahedral capsid consisting of 60 structural subunits, of which approximately 95% are VP2 (58 kDa) and 5% VP1 (83 kDa). VP1 and VP2 originate from overlapping reading frames and are identical except for a stretch of 227 additional amino acids at the VP1 N-terminal region, the socalled VP1 "unique region" (VP1u) (9, 26). Despite of being the minor component of the capsid, the dominant immune response against B19V is elicited by the VP1u region, which harbors strong neutralizing epitopes (2, 31, 45) . A poor immune response against VP1u has been linked to persistent infections (21). Apart of its immunodominant role, VP1u harbors a phospholipase A 2 (PLA 2 ) motif (13), which is required for the infection (14, 18, 44) . Growing evidence indicate that VP1u also plays a central role in the induction of autoimmune reactions and inflammatory processes (22, 36, 37, 41) by mechanisms still not well understood. Despite all these properties, we have recently shown that the most N-terminal part of VP1u harbouring strong neutralizing epitopes (2) is not external to the capsid. However, brief exposure
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on October 22, 2017 by guest http://jvi.asm.org/ Downloaded from to mild temperatures or low pH rendered this region accessible and triggered the VP1u-PLA 2 activity of the virus (30). B19V would therefore be similar to other parvoviruses in which the internal VP1u can become exposed in vitro by mild heat or low pH treatments (3, 8, 14, 20, 34, 39) and in vivo during the intracellular trafficking of the virus (24, 29, 33, 39). Given to the fact that VP1u of B19V is the immunodominant constituent of the capsid, it is reasonable to expect that these regions should become exposed, not during the intracellular trafficking of the virus, but already in the extracellular milieu. In this sense, it is tempting to speculate that binding of B19V to receptors on the cell surface would act as the trigger to render VP1u accessible. It has been previously shown for several viruses that binding to the cellular receptor can trigger changes in capsid conformation (27) . Upon attachment to susceptible cells, polioviruses, rhinoviruses, and most related enteroviruses, undergo conformational transitions which alter the accessibility of several regions (11, 15) . Such changes have not yet been observed in parvoviruses.
The cellular receptor of B19V is globoside (4), which is necessary but not sufficient for the infection (42). Other required co-receptors have been identified such as α5β1 integrin and Ku80 (25, 40). The co-receptor α5β1 integrin is thought to be required for internalization (40) . In order to be fully Quantitative PCR. Amplification of B19V DNA and real-time detection of PCR products were performed by using the LightCycler system (Roche Diagnostics, Rotkreuz, Switzerland) with SYBR Green (Roche). PCR was carried out using the FastStart DNA SYBR Green kit (Roche) following the manufacturer's instructions. Primers used for B19V-DNA amplification were; B19V-forward (5'-GGGCAGCCATTTTAAGTGTTT-3') and B19V-reverse (5'-GCACCACCAGTTATCGTTAGC-3'). As external standards, plasmids containing the genome of B19V were used in ten-fold dilutions. Infectivity assay. B19V particles were bound to RBCs as specified above. Following binding, the cells were washed to remove unbound particles. 

Results
The PLA 2 motif of native B19V capsids is not accessible to antibody binding but can become exposed and active upon mild heat treatment. We have previously found that the PLA 2 activity is barely detectable in the native B19V capsids but can be triggered upon mild heat or low pH treatment (30). The question remained whether the lack of activity was due to an internal position within the capsid. In the present studies, we have verified the accessibility of this region by using an antibody (VP1u 142-163)
targeting the PLA 2 enzymatic region (Fig. 1A) . The results showed that the PLA 2 region of B19V is internal and not accessible to antibodies (Fig. 1B) .
Treatment of the native capsids to increasing temperatures induced a progressive accessibility of the PLA 2 motif (Fig. 1C ) as well as a proportional increase of the PLA 2 activity (Fig. 1D ). Therefore, in order to be active, the PLA 2 region of B19V has to become fully exposed in a conformation which is accessible to antibody binding.
B19V empty capsids represent an important fraction of the viral particles circulating in the blood and bind RBCs similarly to full capsids.
For some animal parvoviruses it has been shown that during the infection process in cell culture DNA-containing capsids (full capsids; FC) and empty capsids (EC), are generated. We have examined the proportion of FC and EC from a naturally infected individual. Gradient-purified FC and EC were prepared from a viremic serum sample. A dot-blot hybridization performed with the CsCl fractions showed the separation of EC and FC ( increase of OF caused by B19V. However, under calcium depletion or in the presence of the PLA 2 antibody, B19V was not able to modify the OF of the RBCs (Fig. 6B) . Heat-treated capsids (60°C / 3 min), which were previously shown to expose the PLA 2 motif (Fig. 1C and D The results showed that viruses attached to RBCs are not able to initiate an active infection in UT7/Epo cells, most probably due to the firm attachment of the virus to the RBCs (Fig. 7B and C) . Antibodies derived from the exposed VP1u sequences would not target and neutralize free infectious particles circulating in the blood, whose VP1u epitopes are not accessible, but receptor-attached virus. This mechanism of neutralization at the cell surface has already been observed for mAb 1418-1, which target the most N-terminal part of VP1u. This antibody is highly neutralizing (17), but is not able to bind B19V in a cell-free system (30).
A C C E P T E D
The exposure of VP1u has an impact on the red cell membrane.
Similar to the effect observed during treatment of red cells with bee venom PLA 2 (38), binding of B19V to RBCs did not cause direct hemolysis but an increased osmotic fragility of the cells. The increased fragility was not observed in the absence of calcium, which is required for the PLA 2 activity (6) or in the presence of the PLA 2 -specific antibody. It is interesting that although B19V receptor globoside is the most abundant neutral glycolipid in the RBC membrane with more than 10 7 antigens per cell (16) . In our studies, the amount of capsids bound per cell is largely bellow this amount. A possible explanation is that B19V binding to RBCs is complex and involve globoside in concert with other molecular structures. In agreement with this is the fact that B19V does not bind to membrane-associated globoside in vitro (19) and that an antibody specific for globoside was not able to totally block B19V binding to RBCs (Fig. 3B ). Moreover, in our studies the amount of virus bound per cell ranged between 3,000 and 30,000. This significant variation exceed that of globoside, whose concentration is rather similar between different individuals, regardless whether they are P 1 or P 2 phenotype (16). Deviation from three independent experiments are indicated. 
